What is claimed ist 

1 . A memory^ subsystem comprising 

two memory devices connected in parallel to a bus, 
said bus including a plurality of bus lines for 

carirying substantially all address, data and control in- 



formation needed by ,sasid memory devices. 



control i 



information. 



bus contai 



the number of bits in aVsingle address, and 



need for separate device-s 



individual memory devices 




ation including device-select 



substantially fewer bus lines than 



bus carrying device-select information without the 



lines connected directly to 



2, The memory stibsystem of claim 1 wherein 



bus 



contains at least 8 bus 



adapted to carry at least 16 



address bits and at least 8 data bits. 



3. The memory siibsystem of claim l\ wherein said bus also 
includes parallel lines for clock and power • 



4. A system comprising 

a memory subsystem of claim 1 wherein each bus of said 
memory subsystem is connected to its own transceiver device. 
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a tran^eiver bus connecting said transceiver devices. 



and 



a means f<>r transferring information between each of 

V * 

said buses of ^id memory subsystems and said transceiver 
bus, whereby meitfory subsystems may be integrated into a 
larger system having more memory than an individual memory 



subsystem 



5 . The system of c 



subsystems 



having a plurality of memory 



6. The system of claim 4 further comprising a 
device connected to said transceiver bus. 



7. The system of claim 6 whterein said master device is 
selected from the group consisting bf a central processing unit 
a floating point unit and a direct memory access unit.^ 



8. The system of claim 4 further\ comprising a peripheral 
device connected to the transceiver bus ,\ said peripheral device 
adapted for connection to other devices n\Dt on the bus. 



9. The system of claim 8 wherein said peripheral device 
selected from the group consisting of an I/oYnterface port, a 
video controller and a disk controller. 
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in a 



10* The System of claim 5 wherein said transceiver bus is 

than the plane of the bus of each of said 



memory subsystems.' 



11. The systemXof claim 5 wherein the bus of each memory 
subsystem lies substantially in a sxibsystem bus plane and said 
transceiver bus lies siijsstajitially in a plane orthogonal to said 
subsystem bus plane. 

12. The system of cMim 4 kaving at least two transceiver 
buses, each transceiver blis\having a plurality of memory 




subsystem buses connected through a first transceiver to said 

transceiver bus, 

each of said transceiver l^^ises being further connected to a 
second transceiver adapted to interface to a second-order 
transceiver bus, whereby each transceiver bus is conne.cted 
through said second transceiver to\form a second-order 
transceiver bus unit. 



13. A semiconductor subsystem bus^ for interconnecting 
semiconductor devices comprising 

a plurality of semiconductor devices connected in 
parallel to a bus, at least one of said semiconductor 
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devices beiing a memory device or a transceiver device which 
in turn is Connected to a memory subsystem, 

said buA including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control\ information including semiconductor 
device-select infopaation, 

bus contain Vg substantially fewer bus lines than 



the number of biti 

said bus carryi 



single address, and 



) 



ievice- 



select information without the 



need for separate divide-select lines connected directly to 
individual semiconductorX devices , and 

at least one modifiable register in each of the 



conductor devices on said bus, said modifiable registers 

id b^s, w] 



being accessible from 



rhereby the subsystem can be 



configured using signals transmitted on said bus. 



14. The semiconductor subsystemXbus of claim 13 wherein one 
type of modifiable register is an accei^-time register designed 
to store a time delay after which a device may take some 

J 

specified action on said bus. 



15. The semiconductor subsystem bus ofV claim 13 further 
comprising a semiconductor device having at I^ast two access-time 
registers and 



t 
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one of saidyccess-tlme registers is permanently programmed 
to contain a fixed\value and at least one of said access-time 
registers can be modified by information carried on said' bus . 



16. The semiconductor subsystem bus of claim 13 further 
comprising a memory device having at least one discrete memory 
section and also having aXmibdifiable address register adapted to 



store memory address inf9 
discrete memory section 




n which corresponds to each said 



17. The semiconductor subsystem bus of claim 16 wherein 
memory address information comprises a pointer to said dis 
Crete memory section. 



18. The semiconductor subsystem bus of claim 16 wherein 
said discrete memory section has a top and a bottom and said 
address information comprises pointers to said 4:op and 



memory 



said bottom. 



* 19. The semiconductor subsystem bus ^f claim 16 wherein 
said memory address information comprises 

a pointer to said discrete memory Section and 
a range value indicating the size o: 
memory section. 



High Performance Bus Interface -67 



20. The semiconductor subsystem bus of claim 16 wherein 
said address registers of each of said discrete memory sections 
of each of said memory devices connected to said bus are set to 
contain memory addr^s information that is different for each 
discrete memory section and such that the highest memory address 
in each discrete memor^^ section is one less than the lowest 
memory address in anoth^'ckscrete memory section, 

whereby memory maOio^ganized into one or a small number 
of contiguous memory bloc! 

21. The semiconductor Subsystem bus of claim 16 further 



comprising a means for testing each of said discrete memory sec- 
tions of each of said memory d^ices for proper function, and 

for each non-functional discrete memory section, a 
means for setting at least o\ie address register which 
corresponds to said discrete foemory section to indicate that 
said discrete memory section is non-functional, > 

for each functional discrete memory section, a means 
for setting at least one address\register which corresponds 
* to said discrete memory section to, contain such 
corresponding address information. 

22. The semiconductor subsystem bus Of claim 21 wherein 
said address registers corresponding to said\ discrete memory 
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sections are 6et\to provide one contiguous memory block within 
the subsystem. 



23. The semiconductor subsystem bus of claim 13 wherein one 
of said modifiable registers is a device identification register 
which can be modified to contain a value unique to that 



semiconductor device. 



24. The semiconductoi 
said device identification 



lubsystem bus of claim 23 wherein 
ster is set to contain a unique 



value which is a function &f tie physical position of that 
semiconductor device either along said bus or in relationship to 
other semiconductor devices or said bus. 



25. A bus subsystem comprisingN 

two semiconductor devices connected in parallel to a 
bus, wherein one of said semiconductor devices is^ a master 
device, 

said master device including a yeans for initiating bus 

transactions, 

said bus including a plurality of\bus lines for 
substantially all address, datj^ and control 
information needed by said devices, 

said control information including dd^vice-select 

information. 
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said bus Vcontaining substantially fewer lines than the 
number of bitsVin a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual device^ on said bus, whereby said master device 
initiates bus transactions which transfer information 



between said semicon 



26 . The bus soibsy 



semiconductor devices is a 
said memory device having 




or devices on said bus. 



aim 25 wherein one of said 
device connected to said bus. 



least one discrete memory section 
and also having a modifial/le address register adapted to store 
memory address information which\ corresponds to each said 
discrete memory section. 



27. The bus subsystem of claim 26 wherein one of said 
semiconductor devices comprises a transceiver device connected in 
parallel to said bus and connected ii*. parallel to a memory device 
on a bus other than said bus . 



28. The bus subsystem of claim 26 further including a means 
for said master device to request said m^ory device to prepare 
for a bus transaction by sending a request\ packet along said bus, 
said memory device and said master device each having a device- 
internal means to prepare to begin said bus transaction during a 
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device-interna^ phase and further having a bus access means to 
effect said busVransaction during a bus access phase, said 

rec[uest packet including 

a 8equenc\ of bytes containing address and control 

information/ 

said controlXinformation including information about 
the requested bus t^ransaction and about the access time, 

ponds to\a number of bus cycles, which needs to 



which corres 



intervene before begiiming said bus-access phase, and 

address information pointing to at least one 



memory location within orii 
of said memory device. 



of said discrete memory sections 



29. The bus subsystem of claim 28 wherein 



memory 



device includes a means to read saM control information and 
initiate said device-internal means \it a time so as to complete 



device-internal phase within said access time and begin said 



bus access phase after 



nvunber of dus cycles 



30. The bus subsystem of claim 28 wherein said control 
information comprises an op code. 



31. The bus subsystem of 



30 wherein said memory 



device includes sense amplifiers adapted to hoUd a bit of 
information or to precharge after a selected tiine and a means to 



* 

4 
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transfer a dara block during a data block transfer either reading 
data from said memory device or writing data into said memory 



device, and 
wherein 



op code instructs said memory device to 



activate a response means, said response means including a means 



to 



initiate a data, blK^k transfer. 



select the size of 



select the time 



access a control 




data block. 



Lttitiate said data block transfer 



ter, including reading from or 
writing to said control register, 

precharge said sense amplifiers after each of said data 



block transfers is complete, 

hold a bit of informationX in each of said sense 
amplifiers after each of said data block transfers is 
complete, or 

select normal or page-mode access. 



32. The bus subsystem of claim 31 wherein 



data block 



transfer comprises a read from or a write vp memory within a 
single memory 



33. The bus subsystem of claim 28 further comprising a 

\ 

means for said master device to send control information to a 

\ 

specific one of said semiconductor devices on said bus by 
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\ 

unique to said semiconductor device. 



nuxnber 



347 The bus sxiDsystem of claim 28 further comprising a 
means for said master V^vice to send control information to a 



selected one of said discrete memory portions by including in 
said request packet a specdflc memory address. 



35. The bus subsys tem 



means for 




laim 28 further comprising a 



master device to send control information to 



substantially all semiconductorXdevices on 



bus by including 



in said request packet a special \device identification number 
which is recognized by said semiconductor devices. 



36. The bus subsystem of claim ^28 wherein said control 



information specifies directly or 



cycles for 



.A 



ectly the nxunber of bus 



master device and said memory device to wait 



before beginning said bus access phase. 



37. The bus s\ibsystem of claim 36 whei!;ein, for a data block 
transfer, said master device and said memory \device use the same 



access time and same data block size regardless of whether sai 
data block transfer is a read or write operatic: 
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38. The bus subsystem of claim 28 %»herein said control 
information fui*;her includes a block-size value that encodes and 
specifies the'srze of the block of data to be transferred. 



39. The bus Subsystem of claim 38 wherein said block-size 
value is encoded as\a linear value for relatively small block 
sizes values and is \nc0df4\as a logarithmic value for relatively 
larger block sizes . 




40. The bus subsysl54ra of claim 38 wherein said block-size 
value is encoded using fo\r bits, and where the encoded value is 



Encoded Value 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



Block Size rBvtes> 



4 
5 
6 
7 
8 

16 
32 
64 
128 
256 
512 
1024 



41. The bus subsystem of claim 26\wherein said memory 
device is a DRAM device containing 

a plurality of sense amplifiers' 
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a means Vto hold said sense amplifiers in an unmodified 
state after aVread or write operation, leaving the device in 
page mode, 

a means to precharge said sense amplifiers and 

lecting whether to precharge said sense 
amplifiers or to ho^d said sense amplifiers in an unmodified 
state. 



42. The bus su 



claim 28 wherein said request 



packet comprises an even niimber of bytes. 



43. The bus subsystem of dlaim 28 further including a means 
for generating and controlling a\>lurality of bus cycles, during 



which said bus carries 



addresk, data and control 



information, and wherein alternate Said bus cycles are designated 
odd cycles and even cycles, respectively, and wherein 
request packet begins only on an even\cycle. 



44. The bus subsystem of claim 28 ^further including a means 
for ^generating ECC information corresponding to a block of data 
and a means for using said ECC inf ormatioA to correct errors in 
storing or reading said block of data, wherein said ECC 
information may be stored separately from said block of data. 



« 
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45. The huk subsystem of claim 44 further comprising at 
least two of saidNmemory devices wherein said ECC information and 

corresponding block of data are stored in a first and a 
second said memory dWice, respectively, and said master device 
includes a means to wMte or read said block of data with error 
correction by sending Separate ones of said request packets for 
said ECC information and for said corresponding block of data. 




45. A bus subsystem y<Mnprising 

a memory device--afi^ a\master device connected in 

parallel on a bus, 

a means for s^id master device to send a request 

packet and initiate V bus transaction and 

a means for said\ master device to keep track of 



current and pending bus transactions, 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said memory devices, 

said bus containing substantially fewer lines than the 
number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which transfer information 
between devices on said bus and collisions on said bus are 
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avoided because said master device avoids initiating bus 
transaction^ which would conflict with current or pending 
bus transactions. 



47. The bus subsystem of claim 46 having at least two of 
master devices and including 

a collision detecting means whereby a first said master 
device sending a WsCNsaid request packet can detect a 
second said master \ieWcV sending one of said colliding 



request packetSv^eVeyx^ of said said colliding request 
packet may be sentTlWltaneous with the initial sending of 
or overlapping the sLking of said first request packet, and 

/ 

an arbitration meansVwhereby said first and said second 
master devices select a pAority order in which each of said 
master devices will be alloVed to access said bus 
sequentially. 

48. The bus subsystem of claim\47 wherein each of said 
master devices has a master ID number\and each of said request 
packets includes a master ID position Wch is a predetermined 
number of bits in a predetermined positlx>n in said request 
packet, and wherein said collision detection means comprises 

a means included in each master Wvice for sending a 

request packet including said master 1^ number of said 
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master devli^e in said master ID position of said request 
packet and 

a means to detect a collision and invoke said 
arbitration meahs if any master device detects any other 



master ID number \in said master ID position 




49. The bus subsystem pfVclaim 47 wherein each of said 

master devices includes 

a means for sendin>W^ Iriequest packet, 

N / 

a means for driviniTva jjielected bus line or lines during 
at least one selected Jbs\cycle while said request packet is 
being sent, 

a means for monitoring said selected bus line or lines 
to see if a said master devic6 is sending a colliding 

request packet and 

a means for informing all other master devices that a 
collision has occurred and for invoking said arbitration 
means . 



.50. The bus subsystem of claim 47 wherein each of said 

master devices includes 

a means, when sending a request packet, to drive a 
selected bus line or lines with a certain current during at 



least one selected bus cycle. 
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a mea^s for monitoring said 



selected bus line or lines 



for a greater than normal current to see if another master 
device is driving that line or lines, 



a means for detecting said greater than normal current/ 



and 



a means for informing all said master devices that a 
collision has occu\r^c[\nd for invoking said arbitration 
means . 



51. The bus subsystem ot claim 47 wherein said arbitration 



means comprises 

a means for initiating an arbitration cycle, 
a means for allocating^ single bus line to each master 

device during at least one selected bus cycle relative to 

the start of said arbitration cycle, 

a means for allocating eactiv master device to a single 

bus line during one of said selected bus cycles if there are 



more master 



than available pus lines. 



a means for each of 



master \devices which sent a 



colliding request packet to drive said bus line allocated to 



said master device during 



selected bus cycle, and 



a means in at least one of said master devices for 
storing information about which master deyices sent a 
colliding request packet. 
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whereby said master devices can monitor selected bus 
lines during s^d arbitration cycle and Identify each said 
master device wh^ch sent a colliding request packet. 



52. The bus subsys^tem of claim 47 wherein said arbitration 
means comprises 

a means included\iy a\^first one of said master devices 
which sent colliding requesit packets for identifying each of 



said master devices— ^dyrClT^sQnt colliding request packets, 

a means for assignana a priority to each said master 

r \ 

device which sent a co/Lliding request packet, and 

a means for allowing each said master device which sent 
a colliding request packet tq access the bus sequentially 
according to that priority. 



53. The bus subsystem of claim 52 wherein said priority is 



based on the physical location of each\of said master jlevices. 



54. The bus subsystem of claim 52 wherein 



priority is 



based on said master ID number of said master devices. 



55. The bus subsystem of claim 52 wherein each of 
master devices includes a means, \dien sendina a colliding request 



packet, for deciding which master 



can send the next 



\ 



request packet in what order or at what time, whereby no master 



« 

i 
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device may senM a new request packet iintll responses to each 
pending request\ packet have been completed or scheduled. 



56* A bus subsystem comprising 

a plurality of aemiconductor devices connected in 

A 

parallel to a b\^^ 

said bus includind a plurality of bus lines for 



carrying substantia 
information needed 



ily all address^ data and control 
d semiconductor devices. 



said control information including device-select 



information, 

said bus containing\\6ubstantially 
ntimber of bits in a single^ address. 



fewer lines than the 



bus carrying saidAdevice--select 



information with- 



out the need for separate demce-select lines connected 
directly to individual semiconductor devices, 

said semiconductor devices\including a reset means 
having an input and an output, the output of the reset means 
of one semiconductor device being ^connected to the input of 
the reset means of the next semiconductor device in series. 



57. The bus subsystem of claim 56 further including system 
reset means comprising 

a means for generating a first and a second reset 
signal. 
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a means xor passing said first reset signal to a first 
of said semiccmductor devices and then to subsequent ones of 
said semiconduciipr devices in series and 

a means for passing a second reset signal to said first 



semiconductor device and then to said subsequent 



semiconductor device^ in series, 
said bus subsystem including one of 



semiconductor devices 



containing 



a device identif icfi|ri6n register adapted to contain a 



fiohductor device within said bus 



number unique to said" 
subsystem, 

a device identification Vegister setting means, and 
a device reset means for resetting said semiconductor 
device to some desired, known reset state in response to 
said first reset signal and for letting said device 
identification register in response to said second reset 
signal, 

whereby said bus subsystem can ^e reset to a 3cnown 
reset state with a unique device ideiitif ication value in 
said device identification register of\each of said 

> 

semiconductor devices • 



58, The bus subsystem of claim 57 wherein^ said desired, 
Icnown reset state is where all registers in the \ semiconductor 
device are cleared and the state machines are reset. 
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59. The bus Subsystem of claim 57 wherein said device 
identification register setting means comprises 

a means foA detecting said second reset signal, 
a means for iseading a device identification nximber from 



said bus 



at a; specific time relative to said second 




said device identification number 



reset signal and 
a means for s 

in said device identlSi^ajVion register of said semiconductor 
device . 



60. The bus subsystem of claim 57 wherein said second reset 
signal comprises multiple pulse sequences and wherein said device 
identification setting means includes 

a means for interpreting ^id pulse sequences as a 
device identification number an< 

a means for storing said device identification number 

\ > 

in said device identification register of said semiconductor 
device. 



61. The bus subsystem of claim 57 wherein 

\ 



device reset 



means comprises an n-stage shift register capable of storing li- 
bit values, wherein said device reset means i^nterprets a specific 
value in said shift register as said first reset signal and 
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interprets a specific value in said shift register as said second 
reset signal. 



62. The bus simsystem of claim 57 wherein one of said 
semiconductor devices \is a master device, 
including a means for 
signals • 



63. The bus subsy 
semiconductor devices i 



including 



a master ID reg 




ng said first and said second reset 



claim 57 wherein one of said 
aster device, said master device 



a means for assigningXa master ID number to said master 



device and 



a means for storing said\master ID number in said 
master ID register. 



64. The bus subsystem of claim 63 further comprising a 
second one of said master devices, and\^ means for a first one of 

said master devices to assign a master ID number to sxibstantially 

« \ 

all other said master devices, whereby said first master device 
assigns one of said master ID niunbers to each of said master 
devices on said bus sxibsystem and each saidXmaster device stores 



said assigned master ID number in said masten ID register. 
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65. The bus subsystem of claim 57 wherein one of said 

device^ includes a device-type register adapted to 



contain an identif ierXcharacteristic of that type of 
semiconductor device, end one or more modifiable registers, at 
least one of which is an\ access -time register adapted for storing 



access times . 



66. The bus sxibsysteirtVot claim 65 wherein one of said 
semiconductor devices is a|' master device having 

a means for sel^bti^ma semiconductor device, 

a means for reading \aid device-type register of 
selected semiconduc/cor device, 

a means for determining the device type of 
selected semiconductor device, 

a means for determining dccess-time values appropriate 
for said selected semiconductor device and for storing said 
access-time values in said acceSvS-time registers of 



selected semiconductor device, and 

a means for selecting and storing other values 
appropriate for said selected semiconductor device in 
corresponding registers of said seletted semiconductor 
device, 

whereby said ioaaster device can seiect a semiconductor 
device, determine what type it is, and det said access-time 
and other registers to contain appropria^ values. 
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67. The busv subsystem of claim 66 further comprising a 
memory device having at least one discrete memory section and at 
least one modlfiablk address register adapted to store memory 
address information vrtjich corresponds to each of said discrete 

memory sections, and 

said master device further comprising a means for selecting 
and testing each of said discrete memory sections and a means for 
storing address informatiorifii^said address registers 
corresponding to each of s did discrete memory sections, whereby 

master device can te^^-^Vpaid discrete memory sections and 



assign unique address values thereto. 



68. A bus subsysteirf comprisitig 

two semiconductor devicesX connected in parallel to a 



bus, one of said semiconductor devices being a master 




device, 

said bus including a pluralil^ of bus data lines for 
carrying substantially all address \ data and control 
information needed by said semiconductor devices, 

control information including device-select 



information, 

said bus containing substantially 'fewer of said bus 
data lines than the number of bits in a kingle address, and 
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said biw carrying device-select information without the 
need for separate device-select lines connected directly to 
individual semiisonductor devices, 

wherein all \f said bus data lines are terminated 
transmission linesXand all of said address, data and control 



information is 



^d on said bus data lines as a 



sequential series of E^ts in the form of low-voltage-swing 
signals • 



69. The bus subsyste 



1 



of \claira 68 further comprising a 



semiconductor device including 
drive one of said bus data lines 



ipurrent-mode 



driver connected to 



70. The bus subsystem of claim 69 further comprising a 
seiaiconductor device having a means to measure the voltage of 
said low-voltage-swing signals on a selected one of said bus data 
lines, whereby said semiconductor device can determine whether 

\ > 

zero, one, or more than one of said current-mode drivers are 



driving said selected bus data line 



71. The bus subsystem of claim 70 further comprising a 
semiconductor device having 

a plurality of input receivers connected to one of said 

bus data lines, and 
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a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential \exiea of bits . 



72. The bus subsystem of claim 70 further comprising a 
semiconductor device having two input receivers connected to one 
of said bus data lines. 



73. A bus subsystem comMising 

two semiconductor disvjldes connected in parallel to a 
bus having a first and a 6§^tpd end, said bus including a 




bus clock line, said~Bus jclditk line having first and second 
ends corresponding to said first and second ends of said 

bus, respectively, ' 

a clock generator connectedXto said first end of said 
bus clock line to generate early bus clock signals with a 
normal rise time, and 



signal return means at said second end of said bus 
clock line to return said early bus olock signals to said 
first end of said bus as corresponding\ late bus clock 
signals, 

whereby each of said early bus clock signals will 
propagate from said clock generator along\said clock line 
starting from said first end to said second end of said bus 
and then return at a later time to said f irfet. end of said 
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bus as a oprresponding late bus clock signal, whereby each 
semiconductor device on said bus can detect said early bus 
clock signalsXand said corresponding late bus clock signals. 



74. The bus sxabsystem of claim 73 further comprising a 



and a second said 



ends at said first and 



respectively, wherein sa 
said second ends of said 




clock line having first and second 
@cond ends of said bus, 

al return means directly connects 
and said second bus clock lines 



whereby each of said early busXclock signals will propagate from 
said clock generator at said ^^^^ said bus along said 

first bus clock line to said second end of said bus and then 



return on 



bus as one of 



second bus clock line to said first end of said 



corresponding late bus clock signals 



75. The bus subsystem of claim 73 wherein said signal 
return means comprises said first bus clo^k line without a line 
terminator at said second end thereof wherfeby each of said early 
bus clock signals reaching said second end of said first bus 



clock line will be reflected back along said i^irst bus clock line 

« 

as said corresponding late bus clock signals. 
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76. The bus subsystem of claim 73 further comprising 

a means for operating said bus in bus cycles timed to 
have a certarn bus cycle frequency and a corresponding bus 

cycle period and 

a means foA operating said clock generator with a 
period of twice the bus cycle period. 



77. The bus subsystem of claim 76 wherein said bus cycle 
frequency is greater thanpaf^g^^ 50 MHz and less than or 

equal to approximately 50 



78. The bus subsystem of claim 73 further including a 
semiconductor device having an internal device clock generating 



means to derive the midpoint time between said early and 
corresponding late bus clock signalsXand to generate an internal 
device clock synchronized to said midpoint time. 



79. The bus subsystem of claim 73 farther includihg a 
semiconductor device having a low-skew clo^ck generator circuit 
comprising 

a first delay line having an inputV an output and a 
basic delay and means for synchronizing %he output of 
first delay line with said early bus clocK signal / 

a second delay line having said basic aelay plus a 
variable delay, said second delay line havina an output and 
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a means for synchronizing the output of said second delay 
line with said late\bus clock signal, and 

a third delay line having a third delay and a means to 
set said third delay midway between the delays of said first 
and second delay linesy said third delay line having an 
output which provides an internal device clock signal 



synchronized to a time halfway between said early and said 
late bus clock signals. 




80, The bus subsystem of i claim \73 wherein said early and 
said late bus clock signals are Vow-Xltage-swing signals that 
transition cyclically betweerf lovi and high logical values, and 
further including a semiconductor \device having a low-skew clock 
generator circuit comprising 

a DC amplifier to convert\ said early and said late bus 

clock signals into full-swing logic signals. 



variable delay lin6 having a first variable 
delay and an input and an outpu^^,^ the input of said first 

variable delay line being connected to said DC amplifier 

\ 

a first, a second and a third additional delay line, 
' each having an input and an output^, the input of each of 
said additional delay lines being connected to the output of 

said first delay line, 

said first additional delay line having a fixed 

delay. 
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said secpnd additional delay line having said 
fixed delay plus a second variable delay, and 

said thirdV additional delay line having said fixed 
delay plus one half of said second variable delay, 
a first clocked iM>ut receiver connected to sample said 



early bus clock signal and gated by said output of said 
first additional delay l^e,\ 

a means for adjusting said first variable delay so said 
first clocked input re^se/iver sAiples said early bus clock 
signal just as said-^rrlyTS^^ signal transitions, 

a second clockedVinput Receiver connected to sample 
said late bus clock signal anq gated by said output of said 
second additional delay line, 

a means for adjusting said\second variable delay so 
said second clocked input receiver samples said late bus 
clock signal just as said late bus clock signal transitions, 

whereby said output of said third additional delay line 
is synchronized to a time halfway between said outputs of 



first and said second additional delay lines, and 
output of said third additional delay line provides an 
internal device clock signal. 



81. The bus subsystem of claim 80 fuipther comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits which generates a/" true" internal device clock 
signal and 

a second one of said low-skew clock generator 
circuits i connected to generate a "complement" internal 
device clock /^.gnal synchronized with but opposite in 
logical value t\ said /"true" internal device clock 
signal . 




82. A DRAM detficre desi^^d to be connected to an external 
bus having a plurality^ of bus lines for carrying substantially 
all address, data and control information needed by said DRAM 
device as a sequential series of bits, said control information 



including device-select /information, said external bus containing 
substantially fewer said bus lines than the number of bits in a 
single address, and said bus carrying device-select information 
without the need for /separate device-select lines connected 
directly to said DRAM device, said DRAM device comprising 

an array /of memory cells connected in rows and columns, 
each of said /memory cells adapted to store one of said bits, 
a row address selection means for selecting one of 



rows, 

a col^amn sense amp connected to each of said columns, 
each of said column sense amps adapted to latch one of said 
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bits as a binary logical value or to precharge to a selected 



a coltunn decoding means connected to each of said 
column sense amps for\ selecting a plurality of said column 
sense amps for inputtiW of said bits to or outputting 
one of said bits from said ftemory cells. 



an internal I/O bus 



lines wherein each of sa 
to a plurality of said! c 
a plurality of bus/co 




g a plurality of internal I/O 



mal I/O lines is connected 

nse ampS/ and 
ipn means designed to connect 



said internal I/O lin/s to said external bus, 

whereby a selected bit of said sequential series of 
bits can be transferred from ekid external bus to a selected 
one of said memory cells or said bit contained in a selected 
one of said memory cells can be transferred to said external 
bus . 



\ * 

83. The DRAM device of claim 82 fArther comprising 

an output driver connected to (^ne said bus connection 

means , 

an output multiplexer having an Wtput connected to 
said output driver and a plurality of Vnputs, each of said 
inputs being connected to one of said il^temal I/O lines, 
and 
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a control means to select whether said output driver 
can drive saidX external bus, 

whereby a plurality of memory cells are selected using 
row address selection means and said column decoding 



means and a plurality of bits contained in said plurality of 
memory cells are output | tl^ough said coliimn sense amps to 
said internal I/O busVo lsaid output multiplexer to sai 



output driver to said __ei^arnal bus. 




84. The DRAM device of /claim 82 further comprising 

a plurality of input rebeivers connected to one of said 

bus data lines and to said internal I/O bus, 

a selection means for selecting said input receivers 



one by one to sense and store, one at a time, the bits of 



said sequential series of bits, and 

a control means to select whetner an input receiver can 



drive said internal I/O bus, wherebyXa bit of said 



sequential series of bits is input from said external bus 
through one of said input receivers to^one of said internal 
I/O lines to one of said column sense amRS to one of said 
memory cells. 



4 
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85. The DRAM device of claim 82 further comprising 

a fLxat and a second half -array of said memory cells 

herein each ^said row of said array of said memory cells is 

subdivided into two parts, 

a first and\a second one of said internal I/O buses 

connected to saidN^olumiTNsense amps in said first and said 

second half -arrays, \reBpectively, and 

a column decoder\means\to gate selected ones of said 



column sense amps connected! to said memory cells in a 
selected row of said first and said second half-arrays 
simultaneously. F 



86. The DRAM device of claim 85 wherein said column decoder 
means selects sixteen coliimn sense\amps at a time. 



87. The DRAM device of claim 82 Wherein said external bus 
operates at a certain speed and whereiA said DRAM device includes 
four of said internal I/O buses, each of\ which operates at one- 



fourth the speed of said external bus 



: 88. The DRAM device of claim 82 furtheV comprising 

a means for precharging one of said\ column sense amps 
to a precharged state from which a binary\ logical value can 
quickly be loaded into said column sense amp. 
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if said column sense amp contains a binary logical 
value, a means for latching the logical value currently 
contained in said column sense amp and 



a means 
column 



instructing said DRAM device to precharge 
p or latch said binary logical value in 



for instructing said D 




column sense 



89. The DRAM device of cVaim 88 further comprising a means 



to precharge said column sense 



amp without further instruc^idri/ whenever said row address 

liff^ 



selection means selects a dj 



rent one of 



rows . 



90. The DRAM device of claiA 88 further comprising a means 
for instructing said DRAM device t A precharge said column sense 
amp without further instruction at a\first or a second 
preselected time after latching the latest said binary logical 
value, said first preselected time being long enough for said 
DRAM to latch said binary logical valueVnto said column sense 
amp and transfer said binary logical value into memory or onto 
one of said internal I/O lines, and said sfecond preselected time 
being a variable which can be stored in said DRAM device whereby 
said DRAM can latch a binary logical value if^o said column sense 
amp for transferring said binary logical value into or out of a 
selected said memory cell, then precharge to allow a faster 
subsequent read or write. 
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91* A package containing 

a semrconductor die having a side, circuitry atnd a 
plurality ofXconnecting areas positioned along or near said 
side, spaced a^^ a selected pitch and connected to said 
circuitry, 

said packageXcomprising a plurality of bus connecting 



means for connecting tp\a plurality of external bus 



each of said externa 



connecting areas, 

positioned ori 




lines corresponding to one of said 



id bus connecting means being 
rst side of said package. 



connected toforie said external bus line and to 
said corresponding connecting area on said 
semiconductor die, and 

spaced at a pitch substantially identical to said 
selected pitch of said connecting areas. 



whereby each of 



external bus lines can be 



connected to 
semiconductor 



\ 



corresponding connecting area on said 
by bus connectiom means positioned along a 



single side of said package* 



'92, The package of claim 91 further con^rising a plurality 
of said bus connecting means wherein each of s^aid bus connecting 

means includes 

a pin adapted for connection to one of \said external 

bus lines and 
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a wi^ connecting said pin to one of said connecting 
areas on sAid semiconductor die, 

said wire haying an effective lead length less than about 4 
millimeters and wherein the effective lead length of said wire of 
each of said bus connection means for said package is 



approximately equal. 



93. A plurality of 
two of said semiconductor 
packages being generally 
wherein 



■ft 



ges of claim 91 wherein at least 



e are memory devices, each of said 



aving a top and a bottom, and 




said packages are physically secured adjacent and parallel 
to each other in a stack. 



where a first one of said packages is adjacent to a second 
one of said packages in said stack,\said top of said 



package is substantially aligned with\said bottom of said second 
package, and 

said bus connecting means of each of said packages^ are 
substantially aligned and are lying substantially in a plane 



*'94. The plurality of packages of claim \93 further 
comprising a plurality of stacks wherein each \>f said bus con- 



necting means can be electrically connected to 



sponding said 



bus connecting means in each of said stacks. 
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95. A seiarconductor device capable of use In a semi- 
conductor bus arcMtecture Including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus l^es for carrying substantially all address, 
data, control and devisee-select information needed by said 
semiconductor device fo^ communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries deviee^(Be3ict information for said 
semiconductor device without the need for a separate device- 
select line connected directly\to said individual semiconductor 

device, said semiconductor device comprising 

\ 

connection means adapted to connect said semiconductor 

device to said bus, and 

at least one modifiable identification register 
accessible to said bus through said connection means, 
whereby data may be transmitted to, said register via said 
bus and enable said device thereafter to be uniquely 
identified . 



96. The semiconductor device of claim 95 wherein 
semiconductor device is a memory device which\ connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 
bus . - 
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97. A senklconductor device capable of use In a semi- 
conductor bus . a^hitecture including a plurality of semiconductor 
devices connectedXin parallel to a bus vrtierein said bus includes 
a plurality of busNlines for carrying substantially all address, 
data, control and deVice-select information needed by said 



semiconductor device communication with substantially every 
other semiconductor device oonnected to said bus, and has 
substantially fewer bus l Xnes^ >^n the number of bits in a single 
address, and carries devic^select information for said 
semiconductor device without \the need for a separate device- 
select line connected dirfectlyVo said individual semiconductor 
device, said semiconductor devicie comprising 

connection means adapted\to connect said semiconductor 

device to said bus, and 

at least one modifiable register to hold device address 
information, said modif iableXregister accessible to 
said bus through said connection means, wherfeby data 
may be transmitted to said register via said bus which 
enables said device thereafter toXrespond to a 



predetermined range of addresses 



98. The semiconductor device of claim 97 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
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sxibstantiallXall address, data and control information over said 



bus. 



99. The semiconductor device of claim 98 vdrerein said 
memory device has atNleast one discrete memory section and al 
has at least one modifiable address register adapted to store 
memory address informatxbnz-which corresponds to each said 



discrete memory section. 



100. The semiconductor 



memory address information 



memory section 



evilce of claim 99 wherein said 
coiHprises a pointer to said discrete 



101. The semiconductor device N^f claim 100 wherein said 
discrete memory section has a top anii a bottom and said memory 
address information comprises pointer sV to said top and 



bottom • 



102. The semiconductor device of clao^ 100 wherein 
memory address information comprises 

a pointer to said discrete memory section and 
a range value indicating the size of\said dis 
memory section. 



* 
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103. A semiconductor device capable of use in a semi- 
conductor bus architecture Including a plurality of semiconductor 
devices connected i\i parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data and control information needed by said semiconductor 
for communication with\substantially every other semiconductor 
device connected to said bus, ^and has substantially fewer bus 
lines than the number of \bi :? iV a single address, said 
semiconductor device comprising 



connection means^.dapt.ed to connect said semiconductor 



device to said bus, a 




at least one modifiVble access-time register accessible 
to said bus through said Connection means, whereby data may 



be transmitted to said register via 



bus which 



establishes a predetenninedV amount of time that 
semiconductor device thereafter must wait before using said 
bus in response to a request 



104. The semiconductor device ofXclaim 103 wherein said 
semiconductor device is a memory device which connects 



bus and sends and receives 



substantially only to 
substantially all address, data and conttol information 



bus . 
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105. The semiconductor device of claim 103 further 
comprising at lea^ two access-time registers and one of said 
access-time registets is permanently programmed to contain a 
fixed value and at l\ast one of said access-time registers can be 

106. A semiconductoA djByTce capable of use in a semi- 
conductor bus architecture\ 
devices connected in paral 

a plurality of bus lines f Qr\cai/rying substantially all address, 
data, control and device-seilect information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the nee\i for a separate device- 
select line connected directly to said individual semiconductor 



inciuding a plurality of semiconductor 
a bus wherein said bus includes 





device, and wherein each said bus line\is a te: 
transmission line, said semiconductor device comprising 

connection means adapted to conyct said semiconductor 

device to said bus, and 

a bus line driver capable of prod\icing a low-voltage- 
swing signal on one of said terminated transmission lines 
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107. The semiconductor device of claim 106 wherein said 
semiconductor device is a memory device which connects 
substantially- only to said bus and sends and receives 
substantially all address, data and control information over said 

bus . 



108. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in paralie/ iOs a bus wherein said bus includes 
a plurality of bus lines f o±: Uariying substantially all address, 
data, control and device-seaAct_J^ormation needed by said 
semiconductor device for comn|inication with substantially every 
other semiconductor device coruiected to said bus, and has 
substantially fewer bus lineM than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, said bus further including aty least one bus clock line 
for carrying early and late bus clock Wgnals, said semiconductor 
device comprising 

« 

connection means adapted to connect said semiconductor 

device to said bus, and 

an internal device clock generating means which 
generates an internal device clock synchronized to a time 
halfway between said early and said late\bus clock signals. 
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109. The semilonductor device of claim 108 wherein said bus 
further includes a \irs% and a second one of said bus clock 
lines, said first bu\ clock line carries said early bus clock 
signal and said secondvbus clock line carries said late bus clock 
signal, said semiconductor device further comprising a means to 



detect said early bus clb^k signal on said first bus clock line 
and a means to detect saidy lafc&ybus clock signal on said second 



bus clock line. 




110. The semiconductor d^lic^ of claim 109 wherein said 




semiconductor device is a memory device which connects 

substantially only to said bus and sends and receives 

\ 

substantially all address, data and control information 



bus . 



111. A semiconductor device capable of use in a semi- 
conductor bus architecture including aVlurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying as a sequential series of 
bits substantially all address, data, control and device-select 



information needed by said semiconductor devJ.ce for communication 
with substantially every other semiconductor Wvice connected to 



said bus, and has substantially fewer bus lines than the number 
of bits in a single address, and carries device^select 
information for said semiconductor device without the need for a 
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10 



20 



separate devi^-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said bus, 

a plurality of input receivers connected to one of said 

bus data lines and 

a selection means for selecting said input receivers 

of 




said sequential series 



of / bits . 



112. The semiconductor <ievicle/of claim 111 wherein said 
semiconductor device is a memdry 'device which connects 
substantially only to said bus W sends and receives 
substantially all address, data and control information over said 



15 bus. 



113. The semiconductor device ofXclaim 112 wherein two input 



receivers are connected to one of said^bus lines. 



114. A semiconductor device capable of use in an 
architecture for a semiconductor system bu^ including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said bus system includes a plurality of bus lines for carrying 
substantially all address, data, control and device-select 
25 information needed by said semiconductor device\for communication 
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with 8\ibstanti^lly every other aemlconductor device connected to 
said system busY and has substantially fewer bus lines than the 
number of bits iA a single address, and carries device-select 
information for said semiconductor device without the need for a- 
separate device-select line connected directly to said individual 
semiconductor device, \said semiconductor device comprising 

connection means ad^ted to connect said semiconductor 

device to said system b 

\ ^ . . 

an internal input/outpW bus within said semiconductor 
device having more lines than said system bus, and 

a means for multiplexing the lines of said internal bus 
to the lines of said system bus, whereby said system bus can 



run at a higher speed thanXsaid internal bus. 




115. The semiconductor device \pf claim 114 wherein 
semiconductor device is a memory device which connects 
substantially only to said system bus\ and sends and receives 
substantially all address, data and cohtrol information over sai 
system bus . 



' 116. A semiconductor device capable of. use in an 
architecture for a semiconductor system busXincluding a plurality 
of semiconductor devices connected in parallel to a bus wherein 

system bus includes a plurality of bus lines for carrying 
substantially all address, data, control and device-select 
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information needed by said semiconductor device for conn 
with substantially: every other semiconductor device connected to 
said system bus \ and has substantially fewer bus lines than the 
number of bits in\a single address, and carries device-select 
information for said semiconductor device without the need for a 
separate device-seleVt line connected directly to said individual 



• • 



seiniconductor device, semiconductor device comprxsxng 



connection means adapted to connect 



to said system^ bujs. 



semiconductor 



an internal input/o 



atpuibus within 



device having more linel 



semiconductor 



fthan\ 



said system bus. 



of said internal bus 



a means for multiplexing xhe 
to the lines of said syste^ bus, whereby said system bus can 



rxm at a higher speed than s^id internal bus, and 

at least one modifiable Mentif ication register 
accessible to said system bus through said connection means, 
whereby data may be transmitted to said register via said 
system bus and which enables saidX^evice thereafter to be 
uniquely identified. 



117. The semiconductor device of claim\116 wherein 
semiconductor device is a memory device which connects 
substantially only to said system bus and sends and receives 
substantially all address, data and control information over said 
system bus . 
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118. A semicoriductor device capable of use in an 
architecture for a s^iconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system bus includesNA plurality of bus lines for carrying 
substantially all address\ data, control and device-select 
information needed by said Wconductpr device for communication 
with substantially every oth\r JAiconductor device connected to 
said system bus , and has subslaAt^ fewer bus lines than the 
number of bits in a single ad^kssA^and carries device-select 
information for said semicondupor device without the need for a 
separate device-select line connected directly to said individual 
semiconductor device, said semiconLctor device comprising 

connection means adapted t\ connect said semiconductor 

device to said system bus, 

an internal input/output bus Vithin said semiconductor 

device having more lines than said Wstem bus, 

a means for multiplexing the lines of said internal bus 
to the lines of said system bus, wherry said system bus can 



run at a higher speed than said internal bus , and 

at least one modifiable register toVold device address 
information, said modifiable register accessible to said 
system bus through said connection means, whereby data may 
be transmitted to said register via said system bus which 
enables said device thereafter to respond to V predetermined 



range of addresses 
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119. The semiconductor device of claim 118 wherein said 
semiconductor device is a memory device which connects 
substantially, only to said system bus and sends and receives 
substantially all address, data and control information 
system bus . 



over said 



120. The semiconductor device of claim 119 wherein said 
memory device has at leastXone discrete memory section and also 



has at least one modi 



^address register adapted to store 



memory address information wli^cjh Corresponds to each sai 
discrete memory section. 




121. A semiconductor deva.ce capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected i,n parallel to a bus wherein 
said system bus includes a plurality^f bus lines for carrying 
substantially all address, data and cohtrol information needed by 
said semiconductor device for communication with substantially 
every other semiconductor device connected to said system bus, 
and has substantially fewer bus lines thaA the number of bits in 
a single address, said semiconductor deviceX comprising 

connection means adapted to connect said semiconductor 



device to 



system bus, 



an internal input/output bus within ^id semiconductor 
having more lines than said system bus. 
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a meanV for multiplexing the lines of said internal bus 
to the lines\f said system bus, whereby said system bus can 
run at a highe^ speed than said internal bus , and 

modifiable access-time register accessible 
through said connection means, whereby 
tted to said register via said system bus 
ftermined amount of time that said 
fter must wait before using said 



at least oi» 
to said system h^l^ 
data may be 
which establi: 



semiconductor 



system bus in responseVfeo 4 request 



122. The semiconductor deWce of claim 121 wherein 
semiconductor device is a memoryv device which connects 
substantially only to said systemXbus and sends and receives 
substantially all address, data and^ control information over said 
system bus . 



123. The semiconductor device of claim 121 further 
comprising at least two access-time regi^ers and one of said 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said accessVtime r 
modified by information carried on said system bus. 



can be 



124. A semiconductor device capable of use\in a semi- 
conductor bus architecture including a plurality\of semiconductor 
devices connected in parallel to a bus wherein said bus includes 



High Performance Bus Interface -112- 



a plurality ofXbus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor. devi\ce for communication with substantially every 
other semi conductoA device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected dirfecfelJ\to said individual semiconductor 



device, wherein said addr^ 



:a, control and device-select 



information is carried overlVaid' bus in the form of request 
packets and bus transactions', ^said semiconductor device 
comprising 

connection means adapted to connect said semiconductor 

device to said bus, 

a means to receive said revest packets over said bus, 
a means to decode information in said request packets. 



and 

a means to respond to said info^rmation in said request 
packets . 



*' 125. The semiconductor device of claim 124 wherein 
means to decode information in said request packet further 



comprises 

a means to identify and decode said coytrol information 
in said request packet. 
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a means to identify and decode said device-select 
information Nin said request packet > 

a means to identify and decode said address information 

in said request packet and 

a means to determine whether said control information 
or said address information instructs said semiconductor 
device to begin a » 




126. The semiconductoil dtevise of claim 124 wherein each of 
said bus transactions is cai^ied out in response to said address 
and said control information in one of said request packets, and 
wherein said means to iden^ify^and decode information in said 
request packets includes a meansX to identify a sequence of bytes 



on said bus as one of said request packets containing 
address and said control information, said control information 
including information about the typey of said bus transaction 
being requested and the access time wnich needs to intervene 
before beginning said bus transaction over said bus arid said 
address and said control information includes device-select 
information instructing one or more said \semi conductor devices to 
respond to said address and said control information. 



127. The semiconductor device of claim 124 further 



• • 



comprxsmg 
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a plurality of sense amplifiers adapted to precharge to 
a selected state or to latch a bit of information, 

a means toNhold said sense amplifiers in an unmodified 
state after latching one of said bits of information, 

a means to precharge said sense amplifiers and 

a means for selecting whether said semiconductor device 
should precharge saidKsense amplifiers or should hold said 
sense amplifiers in anVunmodified state. 



128. The semiconductor device of claim 124 wherein said 
means to respond to said information, where said information 
control information, further cpm^tises a means to 



transfer a data block dScLng a data block transfer. 




further including a means tb 

read data from j^id'sWiconductor device and 
write data into said sWlconductor device, and 
initiate a data block transfer, 
transfer a data block of a selected size, 
transfer a data block at a selected time, 
access a control register, incAding a means to read 
from or write to said control register, or 
select normal or page-mode access 



129. The semiconductor device of claim i24 further 
comprising a means tb respond to said informa^on in said request 
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packet if said information includes a device identification 
number unique to said semiconductor device/ 



130. The semicondxictor device of claim 124 further 

' ■ \ 

comprising a means to respond to said information in said request 
packet if said information includes a special device 
identification number which calls for said semiconductor device 
to respond. 



131. The semiconductor 




/ 



e of claim 124 further 



comprising a means to respond tdv said information in said request 
packet if said information includes an address unique to said 



semiconductor device. 



132. The semiconductor device of\claim 124 further 
comprising a means to interpret said control information and 
decode the time to wait before beginningx said bus transaction 



over said bus . 



133. The semiconductor device of claim \l24 further 



comprising a means to interpret said control \inf ormation and 
decode the size of a data block to transfer during one of said 



bus transactions. 
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134. The semiccmductor device of claim 124, 125, 126, 127, 
128, 129, 130, 131, 13^ or 133 wherein said semiconductor device 
is a memory device which connects sxibstantially only to said bus 
and sends and receives stJDstantially all address, data and 



control information over ^aid bus. 



135. A semiconductor d 




capable of use in a semi- 



conductor bus architecture in^iiding a plurality of semiconductor 



devices connected in paralt 



/ 



/a bus wherein said bus includes 



a plurality of bus lines foi/carWing substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to. said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 

itidividual semiconductor 

device, wherein said address, data, contrbl and device'-select 

hb 



select line connected directly to 



information is 



over said bus in the form of request 



packets and bus transactions. 



semiconductor device 



comprising 



connection means adapted to connect \^aid semiconductor 

device to said bus, 

a means to encode address and control Y^formation in 

said request packets and 
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a meai^ to send said request packets over said bus . 



136. The semiconductor device of claim 135 further 
comprising a means t\ request a bus transaction wherein each of 
said bus transactionsXis carried out in response to said address 
and said control information in one of said request packets, and 



wherein said means to encode information in said request packets 
includes a means to markka I sequence of bytes on said bus as one 
of said request packets, ^iikw information including 

information about the typ^WJ|^id bus transaction being 
requested and the access tiU which needs to intervene before 
beginning said bus transact/oi over said bus and said address and 
control information includes device-select information 

instructing one or more said semiconductor devices to respond to 

\ 

said address and said control information. 

137. The semiconductor device \f claim 135 wherein one or 

.... —V - •'■*""• 

device identification number, said semiconductor device further 
comprising a means to send control info«nation to a specific one 
of said plurality of semiconductor devices by including in said 
request packet a selected said device ideikif ication number. 

138. The semiconductor device of claim 135 wherein each of 
said plurality of semiconductor devices is ada^pted to respond to 
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a special deviAe identification number, said semiconductor device 
further comprising a means to send control information to each of 
said plurality of\semiconductor devices by including in said 
request packet said special device identification number. 



139. The semicoriductor device of claim 135 wherein one or 
more of said pluralit^of semiconductor devices is a memory 
device having a pluraliW pfv addresses, said semiconductor device 
further comprising a mearis ^k^^^ control information to a 
specific address or raiige4rfl^resses in one of said plurality 
of semiconductor devices by\kncluding said specific address or 
range of addresses in said request packet. 

140. The semiconductor devi\e of claim 135 wherein at least 
one of said request packets is a West packet requesting a bus 
transaction which is followed by a Corresponding one of said bus 
transactions, said semiconductor devke further comprising a 
means to encode said control informatibn to specify directly or 
indirectly the time between the end of ^aid request packet 
requesting a bus transaction and said cori^esponding bus 
transaction over said bus . 



141. The semiconductor device of claim 14\p wherein one type 



of said bus transactions is a transfer of a data block, said 
semiconductor device further comprising a means to encode said 
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control information to specify the size of said data block to 



transfer 



142. The semiconductor device of claim 140 further 
comprising a means Vo keep track of current and pending bus 
transactions, wherebV collisions on said bus are avoided because 

semiconductor de^)ace avoids initiating bus transactions 
which would conflict wrth current or pending bus transactions. 



143. The semiconductoJ d^ice of claim 135 wherein said 
semiconductor device is a ^rsti master device and one of said 
plurality of semiconductor ti^ices is a second master device, 

further comprising 

a collision detecting means whereby said first master 
device when sending a first X)ne of said request packets can 
detect said second master devite sending a colliding one of 
said request packets, where said colliding request packet 
may be sent simultaneous with the\initial sending of or 
overlapping the sending of said fi^t request packet, and 

an arbitration means whereby said first and said second 



master devices select a priority ordeV in which each of said 
master devices will be allowed to access said bus 



sequentially 
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144. The semidbnductor device of claim 143 wherein said 
semiconductor devicd, is a master device and at least one of said 
plurality of semicondtictor devices is a master device, each of 
said master devices hak a master ID number and each of said 
request packets includesV a master ID position which is a 
predetermined number of bits in a predetermined position in said 
request packet, and whereiriy said collision detection means 
comprises 

a means for said semiqpnductor device to send its 

test packet and 



master ID number in sai 
a means to detect^ a 




ion and invoke said 



conductor device detects any 



arbitration means if sai< 

other master ID number ixij said\ master ID position 



145. The semiconductor device of Vlaim 144 wherein said 
system bus architecture includes a mearts for carrying information 
on said bus during bus cycles, said semiconductor device further 



comprising 

a means for driving a selected bu^ line or lines during 
at least one selected bus cycle while sWding each said 

request packet, 

a means for monitoring said selected Ws line or lines 
to see if another said master device is sending one of said 
colliding request packets and 
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a means \for informing all said master devices that a 
collision has\occurred and for invoking said arbitration 



means 



146. The semicond^ctor device of claim 145 further 
comprising 

a means, when sending a request packet, for driving a 
selected bus line or\lin,&^ with a certain current during at 

least one selected bus\ 

^^'\ 

a means for monitoring said selected bus line or lines 
for a greater than non^al current to see if another 
master device is driving that line or lines, 

a means for detecting \aid greater than normal current, 

and 

a means for informing all said master devices that a 
collision has occurred and for\ invoking said arbitration 
means . 



147. The semiconductor device of c^laim 143 wherein said 

arbitration means comprises 

a means for initiating an arbitration cycle, 
a means for allocating a single bus line to each said 
master device during at least one selected bus cycle 
relative to the start of said arbitration cycle. 
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a meansW allocating each said naster device to a 
.ingle bus li^ during one of said selected bus cycles if 
there are more \aster devices than available bus lines , 

a means for\ach of said master devices which sent one 
of said colliding West packets to drive said bus line 
allocated to said mkster device during said selected bus 
cycle, and 

a means in at le^n^ of said master devices 
storing information which master devices sent one of 

said colliding request packets, 

whereby said master devices can monitor selected bus 
lines during said arbitratk cycle and identify each said 
master device which sent one\of said colliding request 



148. The semiconductor device of\ claim 143 wherein said 

arbitration means comprises \ 

a means for identifying each W said master devices 
which sent one of said colliding request packets , 

a means for assigning a prioritWo each said master 
device which sent one of said collidiW request packets , and 
a means for allowing each said master device which sent 



one of said colliding request packets to, access the bus 



sequentially according to that priority 
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149. The 



semi^nductor device of claim 143 wherein said 
priority is based ot\he physical location of each of said 



devices . 



ISO. The semiconductorNtevice of claim 143 wherein 
priority is based on said ma^r ID number of said master 



said 



devices . 





* • 
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